Isoflurane inhibits transmitter release and the presynaptic action potential.
Isoflurane inhibits the excitatory postsynaptic current (EPSC) at many synapses. Accumulated evidence suggests the involvement of a presynaptic mechanism. However, the extent of the presynaptic contribution has not been quantitatively studied. Furthermore, the mechanism underlying the presynaptic contribution remains unclear. To estimate the presynaptic contribution, the authors compared the effects of isoflurane on the presynaptic capacitance jump, which is proportional to vesicle release, and the postsynaptic glutamate receptor-mediated EPSC at a calyx-type synapse in rat brainstem. The authors determined whether isoflurane affects the waveform of the action potential recorded from nerve terminals. By studying the relation between the EPSC and the presynaptic action potential at the same synapse, the authors determined whether isoflurane inhibits the EPSC by decreasing the presynaptic action potential. Isoflurane at 0.35-1.05 mM reduced the EPSC and the presynaptic capacitance jump to a similar degree without affecting the miniature EPSC (an indicator of quantal size), suggesting that isoflurane inhibits the EPSC predominantly by reducing glutamate release. Isoflurane reduced the presynaptic action potential by approximately 3-8%. The EPSC was proportional to the presynaptic action potential amplitude raised to a power of 10.2. Based on this relation, inhibition of the presynaptic action potential contributed to 62-78% of isoflurane-induced inhibition of the EPSC. Isoflurane inhibits the EPSC predominantly by inhibition of transmitter release. Isoflurane reduces the presynaptic action potential amplitude, which may contribute significantly to its inhibitory effect on the EPSC.